Numerical results pertaining to cyclic melting and freezing of an encapsulated phase change material (PCM), f = working fluid in, out = working fluid inlet, working fluid outlet ref = reference value shell = outer cavity region
In a typical operation, the SDPS uses: 1) a concentrator to collect and focus the incident energy onto the aperture plane of a central receiver, 2) a central receiver to collect and distribute, with minimal losses, the reflected energy from the concentrator, 3) working fluid tubes aligned along the periphery of the receiver to absorb the distributed energy as heat, thus, raising the temperature of the working fluid (typically a low- 
GTD Solar
Heat Receiver Modeling
Problem Description
The physical geometry for the present study is depicted in Fig. 2 and the more detailed single-tube model is shown in Fig. 3 . It is assumed that each tube in the solar receiver is imparted with the same incident solar flux; therefore, only a single tube needs to be i_L_'r ouc_ PCM tube analyzed, with a subsequent summation over all tubes to quantify the total receiver thermal performance.
GTD Specifications
The specifications for the solar heat receiver of the GTD system used for modeling, in which the present numerical results reflect, are as follows:
• effective cavity diameter = 1.56 ft (47.55 cm)
• aperture diameter = 7 in (l 7.78 cm) 
Governing Equations
The generalized integral equation governing the evolution of the enthalpy per unit mass for a region (denoted as k) is given by
which is coupled to the temperature of the kth region by the general equation of state
forconstant Ck where each of thek regions is identified as follows: k=l (outercanister region); k=2 (PCM region); k=3(inner canister region); k=4(working fluid tuberegion); k=5(working fluidregion).In thesolid regions andliquidPCMregion (dueto theassumption ofnoconvective motion), 0k = 0.
Discrete Representations
It should be stated at the outset that the containment canister outer and inner regions, along with the working fluid tube region, are all considered radially lumped. As a result, the radial index j corresponding to the representative temperatures of those regions are j=l, j=jmax-1, and j=jmax for the outer canister, inner canister, and working fluid tube regions, respectively.
The remaining PCM region is divided into jmax-3 nodes, for each ith axial location along the tube.
Applying Eq. 1 to a control volume at the ith outer canister location (k=l) along the tube results in
where i is the discrete index corresponding to the axial direction (i=1,2 ........ M); j is the discrete index corresponding to the radial direction (j=l,2 ....... ,jmax); n is the discrete index for the previous time level and n+l is the discrete index for the current time level. For the PCM region (k=2), the discrete equation is expressed as
which is valid in the region 2 < j < jmax-2. Another important consideration is that since the zero reference level for the PCM enthalpy per unit mass is in the subcooled regime, and is somewhat arbitrary, a "flag" based on temperature is used to indicate proximity to the melting point. As a result, an additional equation governing the fraction of PCM mass in the liquid phase is given by ln+' n/( n "':': ":1
where the liquid fraction for the ith axial canister location and jth node is in the range 0 < Xij < 1. This scheme can be considered a hybrid between the enthalpy method and the front tracking method, since the interface is not tracked explicitly but an additional equation is used. Furthermore, the discrete equations governing the evolution of enthalpy per unit mass for the canister inner region (k=3) and working fluid tube region (k=4) are derived as
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For the working fluid region (k=5), a I-D, quasi-steady model for the axial transport of enthalpy per unit mass is used. A modified version of the closed-form solution given by (for an isothermal wall condition)
is written for the present configuration as
where Pch is the channel wetted perimeter, inch is the channel mass flow rate, and S* is a geometric shape factor (estimated to be in the range 1 < S* < 1.2), used to account for the degree of departure from triangularity of the finned-tube cross-section. Finally, the net rate of axially convected enthalpy, used in Eq. 7, is expressed as Q,, mcp(T}:_,-T_)
Thermal
Radiation Model
An energy balance on the ith node results in the following equation governing the net rate of energy absorbed at the ith node:
O...,=0,+O.,-Oo., - If the receiver is truly balanced, then the sum (labeled "Qtotal ") of the rate of energy extracted by the gas (labeled "Qgas "), rate of energy lost by reradiation through the aperture and rate of energy lost through the receiver shell (labeled "Qto,"), and rate of energy stored inside the receiver (labeled "Qstor ") should also follow this square pulse function. This is indeed the case, as shown in Fig. 4 , with a maximum error of less than 3 percent.
Results and Discussion
This small error is primarily due to the receiver shell heat loss approximation. Fig. 5 3) after the balanced orbit for test point 3 is reached on orbit 6, the sun period is changed from 66 min to 72 min for orbits 7-9; after the test point 4 balanced orbit is reached on orbit 9, the sun period is further increased to 78, 81, and 84 min for orbits 10, 11, and 12, respectively; the receiver inlet temperature is also increased to 1550, 1600, and 1550 R for obits 10, 11, and 12, respectively; these changes are done to effect an increase in the amount of PCM in the liquid phase 4) on orbits 13-21, the mass flow rate is increased to Another key observation is the significant difference (as high as 150 R or 83 K) between maximum and average canister temperatures. This is caused by the large variation in incident flux along the axis of the receiver tubes. However, in the latent regime, this difference is smaller, as expected.
Temperature and Melt Fraction Predictions
A comparison of the receiver gas exit temperature is revealed in Fig. 9 
